The objective of this work is to measure the cranio-caudal 4 displacement of catheters occurring between consecutive fractions of 5 transrectal ultrasound (TRUS) guided high dose rate (HDR) prostate 6 brachytherapy. Ten consecutive patients were treated with 2 fractions of 9.5 7 Gy TRUS guided HDR brachytherapy using dental putty for the fixation of 
sparing critical organs adjacent to the target (1) . Another advancement made in HDR 20 brachytherapy is the development of the inverse planning software which allows the 21 optimization of dwell time distribution providing the desired dose distribution based on the 22 prescribed dose constraints (2) (3) (4) . Furthermore, functional imaging information from MR 23 spectroscopy can be used for treatment planning to better identify dominant intraprostatic 24 malignant lesions (5) . Despite the advantages mentioned above, dose uncertainties still remain 25 in the HDR brachytherapy for the prostate cancer. We recently addressed the dosimetric impact of prostate volume change due to the trauma caused by the insertion of catheters 1 together with the resolution of edema between fractions (6) and the dose uncertainty due to the 2 intrinsic characteristics of finite thickness of CT slice (7) . This translates into a discrepancy 3 between the source dwell positions observable on planning CT or MRI images and the actual 4 dwell positions during the dose delivery by the afterloader.
5
In this study, the cranio-caudal catheter displacement between fractions due to patient 6 and prostate motions was measured by acquiring CT scans before each fraction for 10 patients. 
4
The first fraction is delivered in the early afternoon on the first day, while the second fraction 5 is delivered in the morning of the second day (6, 8) . A single treatment plan is used for both The measurement data are displayed in Fig. 2 with mean ± standard deviation value and 10 summarized in Table 1 for all 10 patients. All measurement data were changed into the greatest displacement. These two catheters correspond to the two most anteriorly and medially located catheters ( Fig. 1(b) ). , and 6 mm before the third fraction (12) , respectively) and its magnitude is 5 subsequently decreased for the following fraction.
7
Our two measurement methods may contain some potential error. 3. Gold seed migration in the COGM measurement method. In a literature (13) , the gold seed migration was measured by the inter-marker distance and its 96 percentile value 23 was less than 1.5 mm. In our study, the average inter-marker distance variation was 24 1.4 mm and the 95% percentile value was 1.9 mm. We believe that the migration of the center of two gold seed markers was much less than the actual movement of two 
23
Otherwise, four possible scenarios are shown in Fig. 4 . In this study, the caudal catheter 24 displacements observed are similar to the scenario III (Fig. 4(d) ) and IV (Fig. 4(e) ). In 25 particular, in Fig. 2 (for patient A and G) can be classified into the scenario IV in Fig. 4 (e) while the remaining 8 1 cases in which the average ∆d COGM is greater than the average ∆d BM correspond to the 2 scenario III in Fig. 4(d) , depending upon the prostate and catheter movement relative to the 3 BM. A recent study (13) on prostate position relative to the pelvic bony marker (BM) also 4 demonstrated significant interfractional movement of prostate relative to the pelvic BM for 5 external beam radiation therapy. Hence, we believe GOGM method is more accurate than BM 6 method in this study.
7
We found that the two most anterior and medial catheters (position 8 and 12 in Fig. 1(b) ) 8 were more likely to have a large displacement (Fig. 3) . The depth of catheter position 8 and 9
12 was the shallowest because the advancement of those catheters was blocked due to the 10 presence of bladder. Hence, these shallowest implanted catheters may be the most vulnerable
11
to displacement between fractions. Another reason for this large displacement of these 12 catheters may be due to the rotation of dental putty in the lateral plane (Fig. 5) . The fulcrum
13
for the rotation of dental putty is located along the suture (Fig. 5(a) ). Between fractions the 14 fulcrum can move either in the anterior (Fig. 5(b) ) or posterior (Fig. 5(c) ) direction, may not be appropriate for a conventional pre-fabricated rigid plastic template method.
14
In the literature (11, 12) , the dose variation due to catheter displacement during fractions 15 was reported using axial CT images for treatment planning: median 9.7 mm of catheter 
